Abstract -This paper is devoted to the influence of the direction of the applied electric field (namely perpendicular and parallel to the insulator surface) and the type of insulator materials on the propagation of creeping discharges (pattern and stopping length) in presence of air under standard lightning impulse voltage. The investigated materials belong to two distinguished families among the mostly used in electrical industry: (i) thermoplastics (namely polyamide 6 and polyarylamide), and (ii) one cycloaliphatic filled epoxy resin. It is shown that the stopping discharges length on a solid/air interface covers generally 55% of the creeping distance for both polarities under perpendicular Efield right before the flashover. While with parallel E-field, the stopping length is included between 20 to 30% for positive polarity and less than 25% for negative polarity. Also, the application of a perpendicular E-field is more straitened than the tangential one due mainly to the dielectric constant of polymers. Numerical simulations show that the electric field is more reduced for perpendicular E-field inferring that discharges (streamers) lengthen and develop easily at lower voltage levels.
I. INTRODUCTION
The improvement of knowledge regarding the electrical and optical characteristics of creeping discharges is of a great interest for designing and sizing the insulation systems used in high voltage equipment. The surface discharges (commonly known as creeping discharges) are observed on the surface of some electrical components or on live line accessories (such as cable terminations, suspension insulators, bushings, solid insulations of power transformers, power capacitance or piercing connectors) when subjected to electric field particularly when the strength of this field exceeds a threshold value that is a major parameter. Actually, the creeping discharges are likely to take place on the surface of insulating structures after an excessive accumulation of space charges [1, 2] or when these structures are facing other constraints such as switching or lightning impulse waves [3] [4] [5] [6] [7] [8] [9] . The shape of these discharges is reminiscent of Lichtenberg figures and can be characterized by a fractal dimension that depends on both geometrical and physical factors [10] . Studies regarding discharges propagating over solid/air interfaces are less numerous comparatively to those available on the prebreakdown and breakdown phenomena in solids [11] [12] [13] or air alone [14] .
From this perspective, the present paper deals with the analysis of the creeping discharges characteristics propagating over polymer surfaces (namely thermoplastics and one thermosetting filled cycloaliphatic epoxy resin) in presence of air at atmospheric pressure, under standard lightning impulse voltage for both polarities. The morphology of creeping discharges and their stopping lengths are investigated versus the polarity and magnitude of the applied voltage. Two electrode configurations simulating the effect of (i) perpendicular and (ii) parallel (tangential) electric fields to the insulator surface are considered.
II. EXPERIMENTS
The experimental setup is similar to that one used by our group in a previous work [6] . It consists of an optical system enabling to visualize the creeping discharges and a Marx generator (200kV -2kJ) that provides positive and negative standard lightning impulse voltages (1.2/50 µs). Two types of test cells containing two different electrode arrangements are used: (1) a needle -plane electrodes system with a needle perpendicular to the insulator to generate radial creeping discharges ( Figure 1) ; and (2) a needle -bar electrodes system with a needle parallel to the insulator (Figure 2 ). The first test cell (perpendicular field) consists of a cylindrical core of 90 mm high and 110 mm inner diameter made of Teflon (PTFE); the upper cover was made of PMMA (transparent material) and the lower one that constitutes also the plane electrode, is of brass. The second test is also made of Teflon cell; it is of 112 mm inner diameter and 80 mm height. Its upper and lower covers were made of PMMA to permit the visualisation of creeping discharges on polymeric samples.
The needle electrode was of stainless steel and its radius of curvature, rp, is of 11.4 μm. This latter is checked under a microscope and changed each time an erosion is observed or the radius of curvature exceeds a critical value that is (15µm). The leakage distance between electrodes is taken equal to d=43mm in the case of the perpendicular E-field while for the tangential E-field, the leakage distance is equal to 38mm, the point electrode being slightly inclined by an angle α=5.26° toward the material surface.
The tested materials belong to two most known families: (i) thermoplastics (namely polyamide 6 (PA6/50) filled with 50wt% of glass fibers (GF) and polyarylamide (PARA/50) filled with 50wt% with GF); and (ii) one thermosetting cycloaliphatic epoxy resins filled with 66%wt of silica particles (FCEP). Polymeric samples inserted between electrodes are of square shapes with a side equal to 80mm and a thickness of 3mm. Table 1shows materials properties provided by suppliers.
The optical observation of creeping discharges are based on embedding screen shots by using a CCD camera connected to a high performance data acquisition card (Meteor II/multichannel) driven by a software called MATROX Inspector 4. 
III. EXPERIMENTAL RESULTS AND DISCUSSION
A. Morphology of creeping discharges
1) Perpendicular E-field:
The experimental setup for the generation of radial discharges is given in Figure 1 . This arrangement simulates particular cases where the electric field is emphasized in some regions of insulating structures. Figures  3 and 4 depict some photos of discharges propagating on PA6/50 (εr=2.8), PARA/50 (εr=4.6) and FCEP (εr=4) samples for positive and negative polarities.
We observe that the final length and brightness of creeping discharges increase with the applied voltage level as reported in [6, 7] . The flashover voltage, VFOV, of insulator samples depends also on the type of material; VFOV is lower for PA6/50 than that for FCEP epoxy resin. Under positive polarity, the shape and the length of discharges depend on the material type, the polarity and the crest value of the voltage. For instance, the discharge is longer on polyamide 6 (PA6/50, Figure 3a) as the voltage level increases from 24kV to 27kV. Nevertheless, FCEP produces shorter discharges despite of higher voltage levels than those for PA6/50 between 30kV and 34kV (Figure 3b ). When the point electrode is negative, the discharges inception voltage is higher than that with positive polarity for all samples; they are brighter and thicker ( Figure  4 ). The comparison between PARA/50 ( Figure 4a ) and FCEP (Figure 4b ) at 38kV shows that discharges on PARA/50 are the brightest but FCEP produces more discharges.
Actually, the flashover of insulating surfaces may result of the electronic emission mechanisms through space charges generation which depends in part on the type of material [15] . In this case, the generation of surface charges is an important factor which guides both the ignition and propagation of creeping discharges on polymeric surfaces [8] . This process is more active within PA6/50 explaining its lowest flashover value in comparison to FCEP. Grzybowski et al [16] also discussed the flashover mechanism in vacuum and concluded that the difference in FOV between materials may results of conditioning processes, the electron emission from the cathode region, charging of the insulator surface, desorption of surface gases and subsequent breakdown through these gases. 
2) Parallel E-field:
Comparatively to perpendicular Efield for a positive needle electrode, the discharges originate from the HV needle electrode and propagate along the leakage distance of insulators (PA6/50 and FCEP) ( Figure 5 ). One observes generally that only one discharge initiates and enlarges through polymeric surfaces tending to be thicker as the voltage level increases up to the flashover. When the needle is negative (Figure 6 ), the initiation of one creeping discharge is extremely difficult on PA6/50 even for higher voltage levels (U > 45 kV); that is also the case with the other investigated materials.
Regardless the field direction (perpendicular or parallel), the streamer development is easier with a positive needle than with a negative one while the intensity of the light emission is higher with a negative point especially for perpendicular Efield. One observes some noticeable differences between polymers subjected to a perpendicular E-field for both polarities while this is not the case for parallel E-field. Figure 7 depicts the value of Rc right before the flashover regarding the type of a material, the direction of the electric field, the polarity and the voltage level. We observe that Rc increases with the voltage whatever the polymer (PA6/50, PARA/50 and FCEP). However, its value strongly depends on the type of material, the electric field direction and the voltage polarity. We note that the stopping length of creeping discharges is the longest when the electric field is perpendicular to the insulating surface for positive polarity ( Figure 8a ). As concerns the perpendicular E-field, Rc is generally included between 50 and 55% of the leakage distance for both polarities; the flashover needs higher voltage levels to occur when the point electrode is negative. For a parallel E-field (Figure 8b ), Rc is included between 20 to 30% for PA6/50 and PARA/50 (Figures 7a and 7b ) and between 35 to 40% for FCEP (Figure 7c) for the positive polarity. However, Rc does not exceed 25% for a negative polarity for all specimens. 
B. Stopping length of creeping discharges

IV. CONCLUSION
This work shows that the application of a perpendicular Efield is more straitened than the parallel one due mainly to the dielectric constant of polymeric material. For perpendicular Efield with a positive point, the creeping discharges are more branched for PA6/50 than for PARA/50 or FCEP, due to its lowest resistivity facilitating discharges to grow on its surface. For a negative polarity, the creeping discharges are less numerous with a shorter stopping length in comparison to the positive polarity. As concerns the parallel E-field, the growth of discharges is considerably stopped under a negative polarity for all materials resulting of more reduced stopping length for both polarities oppositely to the perpendicular E-field.
It is also shown that the stopping discharges length on a solid/air interface covers generally 55% of the leakage distance for both polarities under perpendicular E-field right before the flashover. Regarding the parallel E-field, the stopping length is included between 20 to 30% for a positive polarity and less than 25% for a negative polarity.
